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INTRODUCTION

This report supplies a program, with examples, for the analysis of rectangular microstrip
antennas. The formulas upon which the program is based are also provided. The theory from
which these formulas were obtained is based on the "cavity model” of the microstrip antenna
developed at the University of Illinois by Lo, Richards, et al. Details of the theory can be
found in the references listed in the bibliography at the end of the report.

The first chapter contains the formulas and the definitions of the electrical and geometri-
cal parameters used in the program. Chapter two lists the FORTRAN program which imple-
ments these formulas. Chapter three contains examples of the program’s use. It includes an
example which illustrates the use of the two-port analysis feature of the program to determine
the "tuning range”’ that a variable capacitor !oading one port would have to have in order for the
radiator to produce any polarization from left hand circular to right hand circular polarization.
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CHAPTER 1: FORMULAS AND DEFINITIONS

For completeness, the basic formulas and procedures used to compute the pattern and
impedance of a microstrip antenna are reviewed. The geometrical parameters used in the for-
mulas that foliow are defined in figure 1.

I GENERAL NOTATIONS

The following notations are used in the formulas within this appendix.
(1) kg = 2 f/ c where fis the frequency and c is the speed of light in free space.

| () no = 3770.

(3) €gp = 1 for m = 0 and 2 otherwise.

(4) (5,0,4) is the coordinate of a point in spherical coordinates. The direction perpendicu-
’ lar to the ground plane corresponds to 8 = 0, The line @ = #/2, ¢ = 0 is the x axis
3 while ¢ = 7/2 is the y axis.

% (5) py = (k* — (mm/a)?)* (the branch is irrelevant).

(6) k = koe*(1~j8)" where the branch is also irrelevant, ¢, is the relative dielectric con-

stant of the dielectric substrate, and & is the loss tangent of the dielectric substrate
(later to be replaced by the "cffective loss tangent.” See V.)

lb
(X JOFS [Eail coslp,, (b~y)lcos(mmx/a), for y > y,, and

. %
i O = [-‘—Zil cos(p,y)cos(mmx/a), for y < y,.

(8) jolx) = sin(x)/x (the spherical Bessel function of zero order).
(9) A is the skin depth.

I1 PATTERN AND RADIATED POWER

‘ Radiated power, P4, is computed in subroutine VRAD. This routine calls the double
integration routine, VDOUBL, which applies 4-point Gaussian quadrature recursively to
integrate the power pattern supplied by VPPAT. The function VPPAT calls VPAT which com-
putes the complex polar pattern of the antenna by application of the following formulas:

~Jkor )
e 2 jkotnod & €omoos(mmx, /a) j°l mz:dll(_l)me/*oaw_ 1]

Fe- r I % pmbsin(p,d)

Jkoasinfcosd

)2 ~ (koasinfcoss)?

]
E | -[i[cos(p,,y.)e”m - oos[p,.(b—y.)]] )
:
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Figure 1. Geometry and Idealized Feeds for the Rectangular
Microstrip Antenna
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- 5»-3[p,,bsin(p,,b)e”‘°""“’""‘“ + jkobsinfsing

. [cos(p,,, ) gRobuindsiod cos[p,,,(b—-y,)]“

,\ | : [(p,,,b)2 - (kobsinl)sindﬂzl-l]

4 Ey = ko(—F,sind + F,cos$)

| Ey = —ko(F,cos$ + Fsing)cosd

where E, and E, are the ¢ and ¢ components of the electric far field, £, and F, are the xand y
components of F, and x and j are the unit vectors in the x and y directions.

II1 STORED ENERGY AND OHMIC LOSSES

- The stored electric energy, W, is computed from

2 mvrdl

J 2a

g am fWe = e kot (kob) 2o ¥, T——
| M-Olp,,,bsin(p,,,b)|

: [Y1|¢3)(X1J|)l2N(Pmy1) + (b—y‘)|<l>,(,,2’(xl,y|)llep,,,(b-yl)]l,

where
N(z) = —;—[io(ﬂlmz) + jo(Re2)].

: ( The dielectric loss is found from
P=4nf8We

. ‘ The copper loss is determined using
Pou _ A |

Py 8t t

(at resonance). All these quantities are computed within subroutine VENLS. i ]

IV IMPEDANCE

The impedances are computed in subroutines VZ1 and VZ2. The former is called by VZ2
to compute z;; and z;; while z;, is computed within VZ2 by the following formula for y, > y;:

mnd

212= —jkotmo 3, -CO—"'COS(mﬂn /a)cos(mmrx, /a)j&[ ]
oy 2 2a
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. cos[p,,.(b—y;)]cos(p,,,yl)
Pmsin(p,, b)
For y, = y,, this series is accelerated by writing it as

. cos(lqy.)cos(k(b—y,)]
12 ~Jkofmo kasin(kb)

+ z-cos(m‘rrx, /a)cos(mmx, /a).I&[ 21rd

m-l

DmSIN(pm b)

e

i} LHL"‘M o F

cos(pmy1)coslp, (b~y))] | gr
me

 (x;4+x;)

ikotnoT
+.’0‘;’0
T

. Fl ar (x~x,) ]
a

w(x;+x—d) F 7 (x;~x—d)
a a

where 7 = 1 for b > y; > 0 and 7 = 2 for y; = 0 or y, = b. The driving point impedance, zy,,
is computed using the accelerated formula for z;, with x, and y, replaced by x) and y,, respec-
tively. Similarly, zj; is computed with x, and y; replaced by x, and y,.

The function F(x) is related to Clausen’s integral and is given by

< (mx)
F(x) mz-‘,lcos~—m3 ;

Fl w (x,—xz+d)
a

This function is written in terms of Inx and a rapidly converging series of Chebyshev polynomi-
als. It is evaluated in function VF.

V EFFECTIVE LOSS TANGENT

The "effective " loss tangent is found by first computing the fields within the "cavity"
based on k found from the actual loss tangent of the substrate. From these fields, computa-
tions of the electric stored energy, the radiated power, and the power loss in the diefectric and
copper are made. From these quantities, the antenna "Q" is computed from

4 fWg
O~ P Pt Pa’
An "effective” loss tangent, 8.g, is defined as
1
8,,,- —Q' .

This loss tangent is then used to compute an improved k and the whole process is repeated to
find new (and more accurate) predictions of the stored energy and losses. A new 8. is found,
and so on. The program as supplied computes a twice iterated 8.4. However, for thin sub-
strates, the procedure converges after a single iteration and the first 8,4 computed is adequate.
A simple modification of the program will eliminate the second iteration.

e e e T PR RS- AP ¢ TN PP UMY, A ¢ N s




CHAPTER 2: PROGRAM LISTING

The FORTRAN program listed in this chapter was implemented on the CYBER 175 com-
puter located at the University of Iilinois, Urbana, IL. The program uses CDC’s "extended
FORTRAN" and the Graphics Compatibility System (GCS) produced by the United States Mili-
tary Academy. Names of subroutines provided by GCS all begin with the letter "U." These
GCS routines are used in certain input/output subroutines including those that plot results.
Such routines have been listed below in a section entitled "INPUT/QUTPUT AND PLOT-
TING." It is this section of the program which is rather strongly installation dependent and
would probably require user modification.

The other major sections of the program listed below are the "MAIN PROGRAM" and
the "NUMERICAL" sections. The former controls the flow of execution of the program while
the latter computes the impedance, pattern, erc. Both these sections are fairly transportable,
particularly the NUMERICAL section. Only a few non-ANSI FORTRAN statements and rou-
tines are used in these sections and these can be easily eliminated or modified.

The overall simplified flow-chart of the program is shown in fig. 2. Other details of
specific subroutines can be obtained by referring to their respective documentation in comment
cards.
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| s Parameters Port 2
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Change Frequency 1
[UMAIN]

Figure 2. Simplified Flow Chart for the Program




MAIN PROGRAM

PROGRAM VMAIN(INPUT,OUTPUT,TAPE1=0UTPUT,TAPE2=INPUT,RESULT, N/S

1 TAPE3<RESULT)

SRR NN RSN RRRR RN RN RN B RSN R RN RN RR RN R N RSN E RN RNS RN RGN SR ERRARRNG N
- "
#% This is the main program of a group of routines that computes as
#% (1) Input 1mpedgneg of a group e
boded a? Single gort rectangular microstrip antenna; bl
bl b) Two port rectangular microstrip antenna with one of its s
:: gg{&:p%gaded by a specified impedance (in subroutine ::
bodnd 22; The "s" parameéters of a two port microstrip antenna; oot
%% (3) The radiation pattern of a e
e éa; Single gort rectangular microstrip antenna; s
ool b) Two port rectangular microstrip antenna with one of its ®#»
:: ports loaded by a specified impedance. ::

REFERENCES: The method used is described in the following
publications:

{11 Y. T. Lo, D, Solomon, W. F. Richards "Theor¥ and Experiment on
Mierostrip Antennas,* IEEE TRANS. ANTENNAS PROPAGAT. Vol.
AP~27, pp. 137-145, MAR T79.

{2) Y. T. Lo, W. F. Richards, D. D. Harrison, "An Improved Theory
for Microstrif Antennag and Applications," RADC-TR INTERIM
REPORT (PART I), DEC 78.

[3] W. F, Richards, Y. T. Lo, D. D. Harrison "Improved Theor
for g%CEgstgi $3tennas, 1EE ELECTRONI&S LETTERS, Vol. 15,
pp. = ’ .

LIMITATIONS:
The current version does not include an estimate of surface wave
gower as this computation is currently under critical evaluation.
his version also requires the specification of the so called
"effective feed width." This parameter arises from an attempt to
idealize the fields in the vicinity of a coaxial or microstrip feed
so that the source can be considered as a uniform current
ribbon of width D (the effective width) flowing from the patch to
the ground plane. Since the observed shift of impedance loci into
inductive half of the Smith Chart degends rather strongly on the
field distribution in the vicinity of the feed, this idealization
needs some refinements and a more rigorous treatment of this
problem is under way. For the g{esent, the user should try some
different values of D until he finds one which fits measured results
most closely. The representation of the fields for frequencies far
away from resonance, say near the mean of two widely spaced adjacent
resonant frequencies, is currently not sufficientlx accurate for all
apglications. We will do further research to deve op better compu-
tations in this regime.

IMPLEMENTATION REQUIREMENTS: Except for the input/output which
relies heavili upon the graehics capabilities of the GCS system
developed by the United States Military Academy, the program is
written in ANSI FORTRAN and should be relativeh¥ transportable.

All GCS subroutine names begin with a "U" in this progranm.

Some of the input/output utilizes extended features of CDC's FORTRAN
as implemented on the University of Illinoi's CYBER 175 (NOS V. 4.7)
and will have to be modified for use on other systems.

Non-ANSI FORTRAN statements are flagged as N/S.

USER INSTRUCTIONS: The parameter descriptions and options are
explaned through the use of examples provided with this listing.

A A X EEREEREREEREEEEREEE R R R R R R R R R R R R R NN
2 2 FEZEEEREEEEEENR SRR EBES R EEEEEESRRERERR R R RN RER SR N J

QOO QOAAOACNAOaAOOOOOOOOOOOAOOOOOAOAOOOOOAAAOAOANAOAOOOAAAOAANANOAON
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REAL LOSS KO, LOSSO

INTEGER P PO

COMPLEX Z., 211, 212, z22, 2L, ZIN, I2
COMMON /DBLTA/ 'DELTA

COMMON /OPT/ ms

COMMON 711/ A

D, DIEL LOSS, SIGM, P YP, XPP YPP L,
0 ﬁF BQ TWO PI Bpo2za,’ Px§0A "BOA, BAND,

ETAO 6AIN DELTA

COMMON /I2/ AO 866T6 DiELo LOSSO SIGMO,PO,XPO,YPO,XPPO YPPO,

BANDé
DATA AO/O / Bo}o T0/0 00/0 DIELO/1 / LOSSO/O /, SIGHO/SSO /,
LO/"N%/ F00/0.7,

7,%P0/0./:YP0/0. 7 XPP0/6. 7
BANDO/O / DELfAO/O 0/ C/30000 PI/3 1u15926535898/
THOPI/G -2831853071796/ ,ETA0/377./ 4
CALL USTA
CALL VIN1 ;

IT =0
DELTA = LOSS
Find the nearest resonant frequency to the specified center frequency

CALL VSEARC (M

KO = sonr((gniél/A)"z + (N®PI/B)%%2)/DIEL)
PDO2A a)

PXPOA = B » 2p / A

BOA =B / A

Compute "closed form" sum of asymptotic expression of the summand
for the driving point impedance series

S1 = VS(XP, XP)
IF (P .LT.’2) G0 TO 2
S2 = VS? PP, XPP)

S3 = VS(Xp, "XPP)

Compute stored electric energy copper loss, PCU, and dielectric
loss, PD, for "effective loss éan ent", DELTA. (Dielectric loss is
always computed using the actual loss €angent LOSS).

CALL VENLS (DELTA, WWE, PCU, PD)
Compute radiated power, PRAD, for effective loss tangent, DELTA

CALL VRAD (DELTA PRAD) ]
POWER = PRAD + PCU + o
=z / POWER '

Iterate the calculation twice to ensure proper value of DELTA
is obtained.

IF (IT .LT. 2) GO TO 2

Compute the pattern along the zenith direction to determine
antenna gain,

CALL VPAT (0., O.
E = 2119CONJ szt
GAIN = 10.%ALOG(2
/ALOG(10.)

FO - (NFREQ/2

N02 = NFREQ/2 + 1

Z11 zzz DELTA, (1., 0.), XP, YP)
2+zzzic 134
TWOPI*E/ AO'PRAD))

)®*DELTAF

CAL% EOF 2) N/S
IF




[elgle] Qat QOO

QOO0 OO0

C
c
C
C
C
c

202

Go T0 (10, 20), P

Find the driving point impedance of the one port
CALL VvZ1 (Z, DELTA, XP, YP, S1)

Input data to the plotting program, VPLTZ

CALL VPLTZ (Z, F, 0)

GO TO 30

Compute the "z" parameters of the two port

CALL, V22 (231, 212, 12223 DELTA, 51, s2, 83)
F (L .EQ. "N*) Go’'T0 202 ’

Compute impedance of load on port two of the microstrip
CALL VLOAD (F, ZL)

Compute the input impedance as seen at port one of the loaded
microstrip antenna.

ZIN = 211 - Z12%82 / (722 + ZL)
CALL VPLTZ (ZIN, F, 0)

Compute the current flowing through the load at port two.
I2 = =212 / (Z22 + IL)
Depending on the options chosen, compute the pattern of the antenna.

IF (ANS .EQ. 1 (ANS .EQ. 2 .AND. K .EQ. NO2))
CALL VPLTPT (I2 F)
GO TO 3

Input the two port parameters to the "s" parameter plotting
program for the case of a non-loaded two port antenna.

CALL VPLTS (F, 211, 212, 222

30 1IF (ANS .EQ. 1 .OR. (ANS .EQ. 2 AND K .EQ. NO2))
1 LL 'VPLTPT (12, F)

3F=F ¢ n LTAF
IF ﬁp .EQ. 1) GO TO 5

IF (L .NE. "N") GO TO 5

Plot "s" parameters
CALL VPLTS (FO, Z11, 212, Z22, 1)
GO TO 6

Plot the input impedance to the microstrip.

CALL VELTZ (z, FO, 1)

WRITE (1

READ @, 1

CALL EOF(2

IF (ANS EQ 0) ANS = "Y"®
ANS "Y") GO TO 1

STOP
7 FORMAT ("Choose an option:",/,
1 (1) P Plot patterns at",
2" all frequ?ncie
Plot pattern only",
" at center rreguenc y.",/
- t 1 lgt no gétgr?s" /4
on or 3):
8 FONMAT(Y 1 e ’
9 FORHAT ("Continue (type Yor N) ",)
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11

END

11 FORMAT (A1)

..
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SUBROUTINE VDOUBL (F, M, A, B, C, D, INT)

PURPOSE: This subroutine Eerforms the integral from 0 to A of the
%?ge ral from O to B of the externally declared function

formula used in the mechanical quadrature. INT is the
integral.

]
]
]
]
]
PARAMETERS: The parameters are as stated above and M is the log base :
]
]
]
RN RN R R R R R RN RN AR RN R R RN AR RGN RN RN RRNRERRNS

™
'
*
*
.
: two plus one of the number of point Gaussian quadrature
*
)
#

REAL INT, W(31), S(31)

DATA W /’1.00004000000000, .6521 486255, .34785U484513745,
36268378237836: 31310263587789, 222 1033 337,
.10122853529038, .18945061045 g .182560341504492,
.16915651928500, . 14959598881 12462 2 7125 55;,
.09 138511 2149, .06225 52 9; 027 g 59 g g ,
.0965 008851&72, .0956387200 327, 38 u39g 080,
Bt el Sk
.058633083Z7g511 .05099 02926233’ 0u283289802223,
o3u2738 291302, .02539206530926, .01627439473091
00701861000947/
DATA S / g 735026918363, 339281ou 8486
. 112631139 05, 3 ausuz 3 .525532409 1623,
796656877 1362, 3602 8856 975k, .09501250 3
2 16033507792 , 015801 77763723, .61787624540264
75540440835500, 3631202 783, .9uu375023ogg 3,
.9 9uoo9gu99163, .04 § gsss 877h, .144071967158280,
.2322873 225214, 331 6 60228212, .u213g12g61306 ,
50 83990893223, 58771575724076, .66308426693022,
g321 211870029, . 9uuag79s9679u, .8&336761373257,
8622115576605, .93490 og53371u, .96476225558751,
561151154527, .99726386184948/
L1 = 2%%(M-1)
N1 = 2%L1 = 1
F1 = (B=A)/2
F2 = (D-C)/2
F3 = (B+A)/2
Fi = (D+C)/2
INT = O.
DO 2J = L1, N1
SUM = 0.
DO 1 K = L1, N1
T1 = F1 * S§K}
T2 = F2 # S(J
T3 = T1 + Fa
Th = T2 + F
Bik- o
SUM = sumwix "F(TB,TH)+F(T3,T6)+F(T5,TR)+F(T5,T6))
INT = x§¥ + g1J F2sun

nnilin
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.comon /187 A 66&14: é

100

150

200

 SUBROUTINE VENLS(DELTA,ESE,DL,CL)

BERRRBNRSRNNNNRBRERRAERRBRBURBRRRR RN AR R FRS VA B RS ARG R AR BB B R BN R RN RB RN BN U RS
*
PURPOSE: This subroutine comgutes the electric stored energy and the
copper and dielectric losses at resonance.

electric stored ener%¥ (at the nearest resonance to F0O as

determined by subroutine VSEARC). DL is the dielectric loss

computed using the actual loss tangent CL is the copper loss#®
. computed as a proportion of the dielectric loss. :
SRARA RN NN AR AR R R RN NN RN R R RN RN R RR RN R AR RR RN R R R NN RNRA RGN BRR BN

]
]
s
: PARAMETERS: DELTA is the effective loss tangent. ESE is the computed
8
s
.

REAL MPI ,MPIOA,MPIOA2,LT,JO,N,K
COMPLEX K,SPB,P,PYP, Pépa PEMYP CPYP CPBMYP

Lt, sidM,IP, XP, YP, XPP, YPP, L
'I'HOPi pDoéA "tPxfoA, 'BOA, 'BAND, PI,

DELTA

CSQRTéCMPLX(EPS -DELTK‘EPS}) * K0
SQRT(2/( 1000%KO#ETA#SIGM)

nm B-YP

CPYP=CCOS (K*YP)

CPEMYP= ccgs(xiwyp)

F1=YP* (CABS(CP 2"2

5%80(F1’N(K'YP)+F2zN(K’BMYP))/(CABS(K‘SPB))"Z
g?NTINUE
MPI=M1%3.141592654
MPIOA=MPI/A
MPIOAZ MPIOAR#2
CSQR T(K'K-MPIOAZ)
PSPB-P'CSIN( B)

PYP=P#YP
PBMYP=P#BMYP
CPYP= CCOS(PYP)
CPBMYP=CCOS (PBMYP )
CF= (JO(M1'PD02A 'COS(MPI'XP/A))"Z
F=2, /S? BS(PSPB) ) ##%2
F1=YP CABS(CP 282
F2 BMYP‘?CABS(CPYP 82
18N (PYP +F2’N(PBMYP))'F

MOD H1 g .EQ. 0) GO TO 150

SUBTOT SUBTOT + CF#T3
ESE=ESE+SUBTOT
ég (SU?%%T/ESE .LT. 0.0001) GO TO 200

ESE-ESE'EPS'T’KO"3'ETA/(Z'A)
DL=2%LT®ESE

CL=SD®*DL/(T#*LT)

RETURN

END




[eIvielelelvieleisivivielieole)

FUNCTION VF(Z)
RN RERARRSRARE RN B RN R AR R NA RN RN AR BRSNS R BA R RN R R RN SRR R RN G RN RN RN AR

PURPOSE: This routine computes a sum related
to the integral of Clausen's integral:

™

[

: Sum from k = 1 to infinity of cos(kZ)/k%*%3,
: METHOD: A Tchebyshev series was derived from
»
™
™

exgansions given in Abromowitz & Stegun
and is summed by Clenshaw's algorithm.

SERBARBRAEAREABREERAERERARRR BB FRER AR RRRBRRRRBRBERERRBREBEBRBARARBRRBRES

REAL C1(9) 2( LN202

DATA : g 9ﬁ6uu097
.000520716"2
-00000505847

~0000000000003
.0000000000000
o/ SpSSARRSEEE
152 924312 4,
000000692375gz91
-0000000132725892,
oooooooooz7u3gz§
.0000000000053818,
-0000000000001356;
oooooooooooooog ]
6.28318530717958
1.04719 55119 59
1.20205690315953
?u657359o 79972

OOV EWN = QOQ-~JOWN W =

TWOP
IF (X .LT. 0. ) IX IX -1
Y = X - TWOPI * IX
%F (Y ?T 3.141592653589793) Y = TWOPI - Y

IF é! .GE. 2. 09”395102393196) KODg
KODE_.EQ. 2) Y 15926535 9793 -Y

T Y / PIBY3
IF (KODE EQ. 1) T =T/ 2.
ToTSM1 = 2. # (2, ¢ T"Z - 1))

4L = 9
FACTOR = T2TS
(L EQ 9z FACTOR .5 ® FACTOR
GO = FACT G2

Y / TWOPI)##2

KOD
VF = ZETA3
IS %g .NE. 0.) VF = VF + Y#¥2 # (0.5 # ALOG(Y) - 0.75 - 2.%G0)

3 75 ® ZETA3 + Y®#82 ® (LN202 - 2. * GO)




SUBROUTINE VLOAD(F, ZL)

2SR RRENARBRNRNARBRARNABRNARARBENBERANFRRRANRBLRVAVFHAVERVENNARHERRRBRNS

s

PURPOSE: This is an example of the format of user supplied subroutine®
VLOAD. The gurpose of the subroutine is to return a load
impedance, stored in ZL, at a frequency, F. Many of the
electrical and geometrical rameters of the antenna are
available to this routine through common block /I1/.
Also, the parameter "K" is availble through this common
block. This parameter is a "DO" index for the loop that
increments frequency in the main program. Thus, as was done?®
in this example, and "IF" statement festing to see if K is @
one or not can be included so that data can be input by this®
program, Another common block, /LDID/ contains a string
which allows one to give a verbal description of the tgpe oft*
load defined in the subroutine. The description must be 40 ®

QOONOOOOOOONAOANOOOOONON
SRS E S EREEES

: characters or less in the CYBER system. .
SHRSRBERNARVRRRARRRBARRNNBAARASAGRESRAEERRAR RN RN ERA RSV ERBRRRRERARRRRENEERBENS
b COMPLEX ZL
INTEGER STRING(4)
1 COMMON /I1/ A, B, T, D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP, L,
[ * 70, NFREQ, ‘KO, TWOPI, PDO2A, PXPOA, BOA, BAND, PI,
3 * ETA0, K, GAIN, DELTAF
COMMON /LDID/ STRING
3 IF (K .GT. 1) GO TO 1
sg{gT.',cnrnpur CAPACITANCE IN PICOFARADS: C = ", N/S
ENCODE’ (40, 2, STRING) C N/S
C=C®1.E-b
1 ZL = CMPLX(0.,-1./(F¥TWOPI®*C))
2 FORMAT ("CAPACITIVE LOAD: C = ",E8.2," ")
gﬁgunn

15
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&  PURPOSE: This routine returns a load impedance of zero, (the
bod mpedance of a short). It is loaded as the defualt VLOAD

: su groutine.

SUBROUTINE VLOAD(F, ZL)
INTEGER STRING( )

COMPLE

OHHON /LDID/ STRING

gATA STRING /"short circuit

= (0.,0.

RETUR
END
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SRR RN SRR RN RN R AR SRR NN BN RS RN RN RR RN AR RN RN AR BB R RN RN RSB RR RN RN
# »
' PURPOSE: This group of functions compute certain quantities used in the®
' evaluation of electric stored energy computed in subroutine #

lll!lll!l‘!!§§%§lll’!lll!.Illlll.lll'illlllll.llll.lll'il!l.llllll'l.'lil.

REAL FUNCTION M (2)

o

= (Iolz'AIMAG(z)) ~ JO(2%REAL(Z)))/2
RETUR

REAL FUNCTION N (2)
COMP E

EAL
HER (Jo(z*REAL(z)) + TO(2%AIMAG(2)))/2
RETURN

ND
REAL_FUNCTION IO (X)
T = EXP(X)

10 = 1.

IF (X .NE. 0.) I0 = (T - 1/T) / (2%X)
RETURN

END

17
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SUBROUTINE VPAT (THETA, PHI, ETHETA, EPHI, DELTA, I, X, Y)
AL I I T R R I I e i gy e i Tttty Y eyesysssyssssssssssszssvesy’

PURPOSE: To evaluate the electric far field at direction
(THETA ,PHI)

]
» »
»
» *
* PARAMETERS: ETHETA and EPHI are the THETA and PHI *
b components of electric field. DELTA is the *
: loss tangent used in the computation. :
] )

SERRBHNRRNRRNERNDRNRER IR R RN RN AR SRR RR R AR BB RRRERRERARER AR AR NS R AR RARRERRS

aQQAOOQQOQOOAOAON

,COMPLEX ETHETA EPHI, FX, FY, PM, KSQ PMY, CPY, CPBMY,I,XF
PMBSPB, EKYSS, EKBSS,’ XT iT TERM YTERM, D2, FALTOR

REAL KO, MPI KaSE, KBSS, KYSS

, COMMON 7117k, B, 1, D, bIEL ﬂoss SIGM, XP, YP, XPP, YPP, L,

FO, NP éQ TWOPI, PDO2A, TkaOA BOA, BAND, P1,

ETAOA éAIN DELTAF

"o

*® 3T
* ST
*

0

0

0 ST

EL ® CMPLX(1., -DELTA)
R

M

TsKSQ - (MPI/A)%%2)

(PMB-PMY)
CSIN(PMB) % PMB
CEXP%CMPLX 0.,KYSS;;
EKBSS = CEXP(CMPLX 0.,KBSS
D1 = MPI®%2 _ KASC#%2

CPBMY
KASC))
NE. 2%(M/2})

F = 1.
IF (ABS(D1) .GT. 1.E-5) GO TO 2
> Find limiting value of expression when D1 ---=> 0.

GT. 0) XT / 2.

0) XT =
F * CMPLX(0.,KASC) / D1
* p* (PMB SPB # EKYSS + CMPLX(0, ,KBSS)®XF) / D2
FACTOR = COS(M PXOA) # JO(M *® PDO2A) / (BMBSPB)
IF (M .GT. 0) FACTOR = FACTOR * 2,

M=Ma+
IF (MOD(M 2) .E 0) GO TO 30
XTERM = FACT 9 3
FACTOR » YT

XTERM + FACTOR * XT
YTERM + FACTOR * YT
+ XTERM

FY = FY + YTERM
IF (SQRT%CABSSXT?RM 82 4 QBS( RM)' 2) .LT. 0.000%1 *®
TSQ?T CABS(FX)*® CABS #2)) GO TO &4

[T [ =y [ [




N A N S b N ey o i 1 Wy

B / TWOPI
FACTOR ®* T
® FACTOR * I

4 FACTOR

ggAL FUNCTION JO(X)

= 1.
IF (X .NE. 0.) JO = SIN(X) / X
RETURN

END




(elvlelelelvieieieiriele]

FUNCTION VPPAT (THETA, PHI)
SESEHESNSENINRNRRARE AR AR SRR BB NN RS RRRERE R BB B NRR RN RSB RRRARERRRRARARRORR G

PURPOSE: THIS SUBROUTINE COMPUTES THE POWER PATTERN (TIMES THE SIN OF
OF THE POLAR ELEVATION ANGLE, THETA) FROM THE COMPLEX PATTERN

COMPUTED IN SUBROUTINE VPAT.

PARAMETERS: (THETA, PHI) IS THE DIRECTION OF OBSERVATION IN SPHERICAL
COORDINATES.

COMPLEX ETHETA, EPHI
COMMON /DELTA/ DELTA

LCOMMON /T1/ A D, DIEL LOSS, SIGM XPP, YPP
. 6& ﬁ ﬁQéA TﬁOPI# $p024A, ’TPiPOA aoA BAND, Pi
CALL VPAT (THETA pﬁ ETﬁETA‘ EPHI, DELTA, (1.,0.),

VPPAT = SIN(THETA) # [(ETHETA coqu(ETHETA) ! EPHI * CdNJG(EPHI))
gﬁgunu

20
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SUBROUTINE VRAD (DELTA, PRAD)

‘ PURPOSE: To evaluate the power radiated by the microstrip antenna

)
)
PARAMETERS DELTA is the effective loss tangent, and PRAD is the .
. radiated power computed using numerical quadrature. :

#

COMMON /I1/ A, B, T, D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP
. Fé PD BakD, Pf,"’

TAOﬁ éQéAIg’ TWOPIé 02a, TPXPOA, BOA,
EXTERNAL VPPAT

Sﬁkk vngggk Svggﬁg 3, 0., PI/2., 0., TWOPI, PRAD)
RETURN

END

21
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[elvlelrieieivivieivielelp]

FUNCTION VS (X1, X2)
SRR RN R RN R RN SRR NN SRR RN R RN RSN RE RN RS RN RE RS RN R G RN RN RR BN

» )
® PURPOSE: THIS FUNCTION EVALUATES THE CONTRIBUTION DUE TO THE FIRST #
* TERM IN THE ASYMPTOTIC SERIES OF THE SUMMAND IN THE Z-PARAM #
' EXPRESSIONS. (THIS IS USED TO APPLY KUMMER'S TRANSFORMATION®
: TO ACCELERATE THE CONVERGENCE OF THE SERIES). .
% PARAMETERS: X1 AND X2 ARE THE ABSCISSA OF THE LOCATIONS OF PORTS 1 #
. AND 2, RESPECTIVELY, .

.COMMON /11/ A6 {F éD DIEL, LOSS, SIGM, P, XP, YP, XPP YPP

TWOPI, PDO2A, TP%POA, BOA, BARD, P1,

ETAo, K, éAIN DELTAF
F1 = PI * x1 + iz;
F2 = PT * (X1 - X2) / A
F3 =PI ® (X1 +X2+0D) /A
Fl = PT ® (X1 + X2 -D) 7 A
F5 =PI ® (X1 -X2 +D) /7 A
F6 = PT ® (X1 -X2 -D) / A
VS = VF F3§ + VF Fug + VF(FS) + VF(F6)
VS = VF(F1) + VF(F2) - 0.2 #'yS
VS = - (A/D)%#2 & (1/p1)é#3 & ys
RE%URN

22
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SUBROUTINE VSEARC (MO, NO)

SRR NNERS NS SSRGS ERE RN RN RE RN RN RGN R A RGN RS ER RN RNARARBNRBRBERNNS
. s
% PURPOSE: This subroutine searches for the combination of mode indices, ®
* (MO,NO) which yields the resonant wave number closest two the ®
wave number of free space at the chosen center frequency :

a

s

: times the permitivity of the dielectric.

REAL MIN, KG, KMN

585583“/¥1/ A, B,IT, D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP, L
F0, WFREQ, KO, TWOPI, PDO2A, TPiPOA, BoA, BA%D, 1, ’
ETA0, K, GAIN, DELTAF

DATA C/30000./
KG = TWOPI # FO ® SQRT(DIEL) / C
# A/ P1

Nzo

MIN = (M+1) ®# PI1 / A - KG
MO =M+ 1

NO =0

V=1

IF (V .EQ. 1) GO TO 2
M=M-1

gO TO0 3

+ 1
KMN = SQRT((M®PI/A)%%2 . (N®PI/B)%%2)
%F (KMN .LT. KG) GO TO &4

1
T = ABS(N®PI/B - KG)
IF (T .GE. MIN) RETURN
MO =0

NO = N

RETURN

END

23




SUBROUTINE VZ1 (Z, DELTA, X, Y, S)

PURPOSE: This subroutine computes the driving Eoint impedance of a
rectangular microstrip antenna feed at point (X,Y).

a

s

.

PARAMETERS: 2 is the complex drivinﬁ goint impedance. DELTA is the *
effective loss tangent. (X,Y) is the coordinate of the feed. *

S is the "closed form" sum of the asymptotic form of the *

summand for Z. (It is used to accelerate the convergence b

the series. :

s

AQAAQOOOOAQOONON
I E X E R ER R ¥ J

. COMPLEX Z, TERM, K, KSQ, PM, PMB, PY, PBMY, SUBTOT
REAL MPI, KO, LOSS, JO
comMoN s/t1/ A, B, *, D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP, L,
* FO, RFREQ, 'KO, TWOPI, PDO2A, PXPOA,’ BOA, BAND, PI,
* ETAO, KK, GAIN, DELTAF

: TAU = 1.0

¥ IF (Y .EQ. 0.)
!
)

TAU = 2,
KSQ = DIEL % KO##2 # CMPLX(1.,-DELTA)
K = CSQRT KSQ
A ® S + CCOS(K®*Y) ® CCOS(K*(B~Y)) / (K*CSIN(K*B))

4 =
.} M=20
; SUBTOT = (0., 0.)
‘ PXOA = PL # % /A
1M= 1
1 ® p

j PM = CSQRT(KSQ - (MPI/A)##2)

PMB = PM * B

PY = PM * Y

PBMY = PMB - PY

TERM = 22'CCOS(PY)'CCOS(PBMY)/(PM’CSIN(PMB)) + TAU®A/MPI) #

. COS(M*PXOA) * JO(M®PDO2A))¥%#2

& SUBTOT = SUBTOT + TERM
. IF (3%(M/3) .NE. M) GO TO 1

L Z=17+ ?UBTOT
2 IF (CABS SUBTOTg .LT. 0.001 ® CABS(Z)) GO TO 2
&

!

SUBTOT = (0.,0.
GO TO 1

22 =-Z % CMPLX(0.,1.) ® KO ® T ®# ETAO / A
A

R e AT~ Pt T o e T T PR3 .7 e et ST T a s




SUBROUTINE Vvz2 (Z11, 212, Z22, DELTA, S1, S2, S3)

ARRM AR AR RER RS RN RN RN RSN G AR RN RN BRR RN NN RN R AR A NN RN B RERERERRANCRURENRS

*

® PURPOSE: This subroutine computes the oggn circuit parameters of the
wo port with port one at (XP gort two at (XPP,YPP)

where these parameters are in common lock I

PARAMETERS Z11 212, and Z22 are the computed ogen circuit garameters
A {s the effective loss tangent. 2, d S3 are the
"closed form" sums of the asymptotic form of the summands
corresponding to 211, Z12, and 222 summations, respectively.

SERRERBTRARVBRRARAFABFRRRARSRARARAR RN AR B EB AR RSN R RN S RN A S RG R RS RN R NN RN RN

z COMPLEX z116 z12é z22 TERM, K, KSQ, PM, PMB, PYP, PBMYPP,SUBTOT

REAL MPI
COMMON /11 Ab Bﬁ Té D, DIEL LOSSéDSIGM, xxp YYP,XXPP,YYPP, L,

FO, GA ﬁ A O2A, 'PXBOA, BOA, BAND, PI|

f IF (YYP LT YYP#) 66 TO 16

[elelelvielvirielieielrigliele]
L X R R B N R R |
(L E R R R R BB B N B I

TAU = 1.
IF (YP EQ 0.) TAU =
KSQ = DIEL # KO##2 # CMPLX(1.,—DELTA)

3 KODECSQRT(KSQ)

| L12 = CCOS(KM(B-YPP)) # CCOS(KRYR) / (KRCSIN(K*B))
| Ie (ABS(YP - YPP) .LT. 0.001) KODE = 2

3 Ir_(KODE EQ. 50 215 2 215 4 53 8

(0

RT(KSQ - (MPI/A)%%2)
PMB = ® B
PYP = &y
PBMYP PM * (B
TER

M

o

2¢ CCOS(PBMYPP) X CCOS(PYP) / (PM®CSIN(PMB))

E 2) ? TERM + TAU®A/MPI

T ; cos ¥§5§POA) COS(M*PXPPOA) * JO(M®PDO2A)##2
+

1
-z CMPLX(O. ) » xo ® T % ETAO / A
21 1, DELTA ﬁx S1

Z1 DELTA,XXPB, IY#P S2)
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SUBROUTINE VZTOS(Z11,212,222,S11,312,5822)

SERRGRRANRARR ARG RERR RN HNRNRRNNNENAR NN RN NN NNNRNN NN NN RERNANSRANNNBNES
L] ]

® PURPOSE: This program converts the open circuit parameters to
bod scattering parameters refered to a 50 ohm system.

»
.
.
® PARAMETERS: The open circuit parameters are Z11, Z12, and 222 and are :
™
™

are converted to the scattering parameéers é11, S12, and S22.
SESRRRRASABRARRRBRABARLRRNARNNGRVBRUSRRENBSRRGRRUARNRAARLEHRRAABERBARBRAES
gguggzx z11,212,222,511,812,822
S11=((211~Z0)%(222+20)-212%#2) /((Z11
$12=2,%20%212/ (z11+zo)'(zzz+zoz-z12
§§%E§£z11+20)' 222-70)-212%%2)/7{(Z11

END

§'(zzz+zo)-z12"2)
#(722+420)-212%22)

PP

oty
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!
B $
- INPUT/OUTPUT AND PLOTTING ;
X
¢ SUBROUTINE VIN1
1 c BRRBRRRAR R R RN E R RN R SRR R RR R RN R RN RN R R RN R R ERN RSN RN R R RERN RN RR RN RRR NN
¥ ¢ ™ ™
; 8 : PURPOSE: To provide input of antenna parameters. :
¢ ] BREBRRASRRRNRBERRRARERRRRRRRRRR BN RN R BB RRERRRRE R R RRAR BB RRR BB RN R BB R RN RS
: Cc
1 INTEGER P, PO
: REAL LOSS, LOSSO
1 COMMON /Ii/ A T, D, DIEL LOSS, SIGM, Xp, YP, XPP, YPP
: . 6Aoﬁ FREQ éAIN’ nggl Bp02A, TPﬁPOA BOA, BAND, Pi
: COMMON /12/ AO 56 T6 DfELO LOSS0,SIGMO,PO,XPO,YPO,XPPO,YPPO,
X P00 BANDO DELTA
k. 1 wg%TET(E‘J) - A’A.A.A'A. ALA A'A.A.A.A.A'" OPT
1 " alafalala A' 'A A.A’A.A alalalala A.A. 'A. .A." /’
! 1 nrd~d~d~d~4~ A. L . .A.A.A ALAT AL A ~g~ . 'A.A.A'" /’
! C OPT
' C Dece=- > Erase sequence + non-printing buffer characters OPT
fj g for Tektronix graphics terminals. 8;%
. WRITE (1,2)
; 2 FORMAT(" d diel loss sigm.p.")
: 3 FORMAT (F 0 X F5 0 X F3 0,X F3 ' X, u X,FR.O,X,I1)
= READ ? iel, 'LOSS, éIGM P’
. %E(EOF(Q BQ. ) Loés LOSS/1000 OPT N/S
, ’ IF (B EQ o = BO
- IF (T .EQ. 0. T = TO
IF (D .EQ. 0.) D = DO
! IF (DIEL .EQ. 0.) DIEL = DIELQ
R IF (LOSS .EQ. 0.) LOSS = LOSSO
IF (SIGM .EQ. 0.) SIGM = SIGMO
IF (p ,EQ. 0) P = PO
i ﬁg AA’ ®# D ® DIEL % LOSS % SIGM .EQ. 0.) GO TO 10
| BO = B
TO = T
DO =D
DIELO = DIEL
' LOSSO = LOSS
SIGMO = SIGM
- PC = P
! IF (P .GT. 1) GO TO 6
: WRITE (1*u)
4 FORMAT ( x' y' .M
: READ (2,5) IXP IYP
| 5 FORMAT SA?, ,A%)
I= OPT N/S
GO TO ?
6 WRITE (1,7)
ORMAT (# x! y' xnn g™ L.")
READ (2,8) IXP IYP IXPP IYPP L
8 FORMAT s §,x LAS,X,A5,X,A5,%X,41)’
I = EOF(2 OPT N/S
IF (L ny" _AND, L .NE. "N") L = '
DECODE 5 12, IXPP; XPP N/S
DECQDE (5,12,IYPP) YPP N/S
IF (IXPP EQ "3 XPP = XPPO
IF (IYPP .EQ " ") YPP = YPPO
i XPPO = XPP
R YPPO = YPP
i L0 =L
: 9 DECODE (5,12,IXP) XP N/S
i
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B DECODE (5
) IF iI LR
L. IF (IYP .EQ.
3 XPO = XP
YPO =

GO TO 13
WRITE (1,11) ...

SngAT (#*#%#~#~% INPUT DATA IS BAD / JOB ABORTED")
FORMAT (FS.O)

, WRITE (1,14) a -

? FORMAT (% FO ."B*A"N"D. @B"/_"F .")

ﬁ READ (2,15) FO, BAND DELTAF

\ 15 FORMAT 5 .0,X,F4.0,%,F4.0

- I = EOF(2)

} IF 2?0 .EQ. 0) FQ =

12 IYP) YP N/S
g XP = XPO
YP = YPO

bk d o d
SN =20

F0O
BAND .EQ. 0.) BAND = BANDO
DELTAF .EQ 0) DELTAF = DELTAO
FO ® BAND # DELTAF .EQ. 0) GO TO 10
. BANDO BAND
| DELTAO = DELTAF
- FOO = 0

NFREQ =

IF gDELTAF NE. NFREQ = 0.5 + BAND'FO/(100'DELTAF)+1
IF (NFREQ .EQ. 2'(NFREQ/2)) NFREQ = NFREQ +

gﬁgUﬂN

T —— e e e
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SUBROUTINE VPLTPT (I2, F)
BEEEREN RN RN R RN RN R R BN RN RN RN R RN RN BN SRR R RN RN RERORNRY
.

PURPOSE: This subroutine plots the patterns of a rectangular
microstrip antenna.

PARAMETERS: 12 is the current calculated to flow through port 2
when a load impedance (found in VLOAD) is attached to
it. F is the frequency.

#
#
#
#
»
#
s
OPTIONS: Both polarizations in two planes, X-Z and Y-Z are plotted®
if the "linear option" is chosen. 1If the "CP" bod

(circular polarization) option is chosen, then the bd

response of a rotating digole is simulated for the two »
aforementioned planes. All scales are linear (not dB). ¥

If the "individual normalization" option is chosen, then ¥

each pattern is normalized by its own maximum over the *

scan. The relative "cross-pol" cannot be seen with this ®*

option. At the end of each plot, a character must be *

infut. The characters that are allowed have the *

following meanings: :

CHARACTER STANDS FOR EFFECT :

#

8

s

#

]

™

*

'

#

#

&

#

]

»

#

S status Next plot is same type as
previous plot.

M manual Ask for options for next plot.

A automatic Same ~s "S" except no further
input of options are possible
and the plot is automatically
copied.

R re-plot Re-plot last graph.

T terminate Terminate all plotting.
AR RN RR NN R RN SRR R R RARA RSN ER BN AR RRRRRRR R R R BN AR RRRRRRRBRRBORD

COMPLEX ET, ET1, EP, EP1, I2

INTEGER P, ANS, NORM, CP, FREQ(2)

COMMON /DELTA/ DELTA

COMMON /OPT/ ANS

COMMON /JID/ ID

COMMON /I1/ AZ, B, T, D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP, L,
Fo, NFREQ, Ro, TWOPI, PD0O2A, PxPOA, BoA, BAND, PI,
ETA0, K, GAIN, DE

LTA
1DIMENSION %X%X(7é1 EXzi(721), EYZX(721), EYZY(721), ID(3),

DATA NORM /0/, INITIAL /0/
IF (INITIAL .NE. 0) GO TO 1400
IXZ = "Y-Z;"

AS H
ISLASH = "/;"
31/180.

- d NN

I I o Tl Rl If RoX At Tl Bl Af S Rt B 1 N/S
-~ Mg AgAg A g A ~
et Sk ek Rk R Rak Rk Ra Rew Rk Rt Rk ok R L) N/S

>

-

y-u
1~1°




AR Tar e -

R i S i il

wm— —— m—— e ‘.

——

R
75

GO
76

FA

7T DO

22

C
10

PP W W S CE

PRINT #, " 8 8 8 8 0 8 0 8 8 0 0 8 0 8 0 5 0 0 0 8 8 8 8 e N/S
PRINT # "CP OR LINEAR (TYPE C OR L) ",
READ 75 cP

IF (CP IEQ. "C") GO TO 76
FACTOR = PIBY18

 Jaf Tof Jol Tl Jol Tt Sol Tof Bl Jof Tof Bof Tof Bel Jof Tof Sof Tof 2ol Tof Jof Jof Tof 1 N/S
NDIVIDUAL NORMALIZATION (Y OR N) ", N/S

6
21
= 1, LIMIT
IF CP EQ. nen) IP = MOD(J-1,8) + 1
ANGLE = (D NSE-J) # FACTOR
%%LLPVPQE (%§GLE 0. ‘ ET, EP, DELTA, (1.,0.), XP, YP)
CALL VPAT (ANGLE, 0 , ET1, EP1, DELTA, I2, XPP, YPP)
EP + EP1
ET + ET1
?P "C“) GO TO 111

J; = CABSi
EXZY(J CABS(EP
GO TO 1

12
EXZX(J) CABS(EP®*C(IPSI)+ET#S(IPSI))
%ALLPVPAT (ANG&% TPIEYZ ET, EP, DELTA, (1.,0.), XP, YP)

EQ.
gALL VPAT éANGLE PIBY2, ET1, EP1, DELTA, 12, XPP, YPP)

'-!"Ur‘
o~ 0

IF
EXZX

ET ET1

IF (CP_,EQ. "C") GO TO 22
EYZX J; = CABSSEP

EYZY(J) = CABS(ET

GO

EYZY ? ? = CABS(EP'C(IPSI) + ET#S(IPSI))
IPSI = MOD(J-1,

CONTINUE

ALL URESET

GOOOOQ

LIMIT
AMAx1(A1 EXZX(J))
CP .NE. "Gn ; A2 AMAX1EA2 EXZYiJg;
IF (CP .NE, "C") A3 = AMAX1(A3) EYZX{J
Ab = AMAX1 Au EYZY(J))
AMAX1 A3, AW)
o., 0.3

A=
CALL UPEN
CALL UERASE

CALL UDAREA o u 5 119 0. u 5 119)
CALL uwxnoo -i.,

Do 8 J ?

CALL U RCLé 0. ;" 0.2 *J)

CALB gszr ("ngAR

ANGLE = J 4 10

AN Re

30
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IF (IQ .EQ. "Y") AA =
CALL UMOVE (EXZX(1)/AA 90 )
DO 11 J = 1, LIMI T
ANGLE = (DENSE - J) * FAC

11 CALL UPEN (EXZX(JA/AA ANGLE)

IF (IQ nyn A
CALL Suove (EYZE(1)/AA,30.)
, Do 12°J'= 1, LIMIT
) GLE 3 (34 2) ® FACT
12 CAL? UPEN (EY%Y(J)/AA ANGLE)

R T TR P

Rl

CALL USET ("DASHLINE")
CALL UPSET S"SETDASH" 5212 )
EX§¥(1)/AA

\ ANGL (91
F.. 13 CALL UPEN (EXZY(J)/AA ANGLE)
| F (IQ .EQ. "Y") AA = A
- CALLnUMOVE (EY§¥(1)/AA ,90.)

< ’

E = (J + 89
14 CALL UPEN sEYZX(gglAA ANGLE)

6., 0,, 5. 11
6, - 688, )

.768, I
' 20 .Zaa, IDASH)
LL UPRINT (0.76, -0.768, ISLASH)

0 121
120 CALL USET s"TEXT"é

333
O
-

N "RECT"
- CALL UDAREA o., 5.119)
| 121 CALL UPRINT lé 60 fYZ%)

"

; -1.0, ID)
CALL USET ("LINE" ’
| ENCODE (11 16*FREQ) F N/S
‘ 16 FOR op’s N F6.1,Mem)
ﬁ CALL UPRINT (0.60 -1 6,FREQ)
‘ IF (NggEU.NE 2) do0 10’15

S
RINT .A “E\“>“& N/S

15 CALL UREAD (-1., =1.
IF ngh

,* "EQ. "M") NORM
| IF {KQ .EQ. "A") NORM
| "EQ. "R") GO TO 7

| nTn) ANS = 3

Q{ 1., FLAG)
0
2

=
o
o
Te
TR

IF .EQ.
CALL UERASE
RETURN

END

1
|
{
i |
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SUBROUTINE VPLTS (F, 211, 212, 222, IACC)

SRR EN AR R AR RN R RN R R RR RS RRR BB AR RN AR R RN R BRBERRRF RN BRABESBRRRD

#

PURPOSE: This routine plots the "s" parameters of a two port
microstrip antenna using the input values of the
open circuit parameters. It uses the software of the GCS
system,

PARAMETERS: F is the freguency in MHz.
Z11, 212, and Z22 are the respective open circuit
parameters of the microstrip antenna (input).
IACC is set equal to zero when data is beln%
acculmulated by the subroutine for later plotting.
It is set to unitY when the acculmulated data is
to acctually be plotted.

OPTIONS: At the end of each plot, one may input either a blank
character or an "R". The latter causes the system to
replot the graph.

L A2 TR 2222222222222 2 22222 22 12222 222222 12222 21222222222 3]

COMPLEX s11(100), $12(100), S22(100), 211, 212, 222
DIMENSION ID(3)
INTEGER ONEONE ONETWO, TWOTWO, S
COMMON /JID 6
COMMON /I1/ A D, DIEL, LOSS, SIGM, P, XP, YP, XPP, YPP, L,
6 éo KO, TWOPI, PDO2A, TPiPOA BoA, BAND, PI,
8AIN, DELTAF

L E R R E R EREREEREERENR R J
LA R R EEEEEEREE R R R R R

connog /DELTA/ DéLTA

X = i

I0 = "0;"

IS = "+;3"

IC = "#im

ONEONE = " 11;"

ONETWO = " 12;"

TWOTWO = " 22;"

ID(%) = nyn

IF (IACC E?. 1) GO TO 5

CALL VZTOS (211, 212, 222, S11(K), S12(K), S22(K))

IF (K .GT. 1) 68 To 3

Q = 1 / DELTA

CALL DATE 21021;;

Sﬁ%%ET%§E1)IR 2B D, X, YP, XPP, YPB, DIEL LOSS
> stom 6 ﬁELTAF d GAi in(2)’

1 FORMAT("1" 6X, oy B T N ‘s u A R MICRO
1STRIPH /‘ e - -
2= = = = = - = /4 Q" 6X "Dimensions (aXbXt) ...... .
g............. FA.1," X " Fh,1," X WiFL.2,#) ean,/,7X, F

data: (i) w1d€n O S ,Fu.é," om
2 /18X, M (2) POPt ONE ,evvvevennnvennenns ("F4, 1M W FY Q0
) em® /318X, "(3) Port WO L.l.illliililiili.cl LIS S BB
Fu.1, ) em®,/,7X, "Electrical parameters‘ (1)

Dielectric ..... " /,30X,"(2) Loss tan ent
,F7.5“/,30X 3) éonducéivity o " KMho
s/Ca" /,TX Center fre?uency sheesrsesssrtessrneans
Teeeos ",F7.1," MHZ",/,TX "Frequency increment .o
2 errnrenraarens MHz , Quality fact
7X Gain ...co00enns

N 7x Date/time .
g... #3858t 2 10 don’6x "Frea

3",11x LT SLETIETS 9x "(MHz)" 1ﬂx nfiw’15x 12" 15X,"12

of
S e SRSl R R
RETURN

2

301‘ .u--..---u-nou--.o..-ooo.-oc

3,"M",2x))




e e
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gt etpe e

s~ SN i ,w‘wb bl by, IR

CALL URESET
CALL UERASE
NO2 = NFREQ/2 + 1
NO21 = NO2 + 1
CALL USET ("LINE")
CALL UWINDO (-1,, )

4, 5.119)

WO O —
-
O

CALL UPSET("SETDASH",5414.)
CALL UCRCLE (0.0
CALL USET("LINE®)
CALL USET 2"NX")
"SOFT 11 )
CALL UPSET 2"HORIZONTAL" 0.03)
"VERTICAL", 0.03)
DO 6 J = 1, NFREQ
IF éJ .EQ.’NO2) CALL USET ("N%n)
J_.EQ. N021) CALL USET ("NX")
CALL UPEN (REAL(S11(J)), AIMAG(S11(J)))
CALL UPRINT (o.;s, -0.75, IX)
CALL USET ("NO%
DO 7 J = 1, NFREQ
IF (J .EQ. NO2) CALL USET ("N®w)
IF (J .EQ. Noz1z CALL USET ("NQ#)
CALL UPEN (REAL s12(J)g AIMAG(S12(J)))
CALL UPRINT (0.75, -0.8%, 10)
CALL USET ("N+®
CALL UPSET é"VERTICAL" 0.06)
CALL UPSET ("HORIZONTAL", 0.04)
DO 8 J = 1, NFREQ
IF éJ -EQ. 'NO2) CALL USET ("yen)

IF (J .EQ. NO21) CALL USET ("N4")
CALL UPEN (REAL(S22(J)), AIMAG{S22(J)))
CALL UPRINT (0,75, -0.9%, IS)
CALL USET ("HARD"}
CALL UPRINT (0.85, -0.80, ONEONE)
CALL UPRINT (0.85, -0.773, S
CALL UPRINT (0.85, -0.975° §
CALL UPRINT (0.85, -0.875’ §
CALL UPRINT (0.85, -0.907 ' ONETWO)
CALL UPRINT (0.85, -1., TWOTWO)
CALL UDAREA o.,g.s,o. 5.53
CALL UPRINT (-0.57721.071D
CALL UREAD (-1., -1.,°18,71., F)
IF (1Q ,NE. " *} G010 5
CALL UERASE
RETURN
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c SUBROUTINE VPLTZ (Z, F, IACC)
C RERBNRRVRSRARNRBERAB LR R BN AR R RA RN ERRRRS R BB AR R AR B ECEAB AR ARABRBRVERERGRLS
Cc & ]
C % PURPOSE: This program accumulates impedance data, outputs in tab-
c 8 ulated form, and then plots in one of three optional Ha{
c . (a) Smith chart, (b) Rectangular G-B plot, or (3) magnitude*
g : of reflection coefficient vs frequency. :
C % PARAMETERS: Z is the complex impedance to be plotted. s
C . F is the frequency at which Z was determined. bt
C bed IACC is 2, data is accumulated for future plotting, bod
8 . while if 1ACC is 1, the data is plotted. .
Cc F I XYy rr Iy rr i YR rYIIrYIRRRIYYIYYIRYIYIYYYIYYYIRRXIRIYIRYRTIYYIINIYIXIIYIIRIIIZL]
c
COMPLEX Y, GAMMA
INTEGER P, STRIN é( 3)
DIMENSION ID(3) FREQ(100),G(100),B(100),IF0(2),IINC(2),IDIM(2)
COMMON /JID
885585 5%2}Dﬁ ggRING D, DIEL LOSS, SIGM, P YP, XPP
* Fd, NFR éQ , TWOPI, PDO2A, TP&POA BOA, BA&D Pf
* EThO 6A1u DELTA #
go?uon /DELTA/ DELTA
IF %IACC .EQ. 1) GO TO 10
NO2 = NFREQ/2 + 1
NO21 = NO2 + 1
IF (K .GT. 1) GO TO 3
Q = 1 / DELTA
CALL DATE §1D§1;
CALL TIME (ID(2
ENCODE (17, 202 IDIM) A‘ BB N/S
202 FORMAT FS ) &K F§.2 CM; ")
ENCODE éoo* #o FO N/S
200 FORMAT ,F6.1," MHZ;"
ENCODE 16 201* IINcS DELTAF N/S
201 FORMAT ("INC = MHZ,
WRITE (3 1) A, B é T 'D P
(p .£4. 2) 'wrItE {3 é99) XPP, YPP, STRIN
WRITE §§ 1000) DIEL Loés SigM,Fd, DELTAF GAIN ID(1) ID(2)
11F0RMAT 1"*6x,"r g " PoR T f AN A'R MICRO
2% = = = = = - ) /ﬁ"O" 6X “Dimensions (a X bX¢t) eoveen
3.... ' F8.2," X ",F5,2," ‘Fu 2,") em",/,7X,"F"
Eed dgta Ui width ..o il L MR R o
2;, R "(2) Port one .....v... ceevaraees (" 1F5.2, W ",",F5.2,"
999 FORMAT(18X 3) Port two ..... R
1F5.2 F5. 5 "/, ’
21 ‘"ﬂoad description cetestesasesassansasesses N,
1000 FORMAT( 7X "Electrical arameters:
8Dielectric -3* 36x FS ?2) Loss tangen
9 ... ,F7 .5,/ ,30%, $(3) éondueéivity cee " KMho
s/Cn",/ 7X Center frequencCy ...ccessosocncccccses
csese M, FT.1 ," MHz",/ ,?X Frequeney increment .
2ecircnnnsassansessnnse 1,7 ,/ X Quality fact
or '.0......'.......D...O..l... / ® 0 & 00800000
sesesssessssasrsetosnesneen é",/ 7x "Date/time .
2" cons seeretseene 2A 0" T6X ,"Frequenc’
7!"“31§,"z J7,9%, " {Miz)w,
3 WRITE (?
ggng T 7x F? 166x n(" F6.2,","F7.2,")")

G(K) = REAL(Y)
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B(K) : AIMAG(Y)

10 CALL URESQT
PRINT %,

o

(=]

<]
nann
W -

.)
0.4, 5.119)

Q
>
[
[
aca
Q
=
Q
[
=

g
&
g
o]
]

-

0
CALL UPEN (1.0.0. o)
CALL USET("DASHLIN
CALL UPSET(”SETDASH",SR1M )
CALL UCRCLE (oé 9.,0.5)

SOFT")
CALL UPSET E“HORIZONTAL" 0.02)
ggL% UPSET "VERTICAL", 0.02)

EQ
_ Y = CMPLX {G(J) B(J))
, GAMMA = (1-Y)/{}+Y)
- | IF EJ .EQ. NO2) CALL USET ("N#n)
g IF (J .EQ. NO21) CALL USET ("NX")
g 6 CAﬁﬁ Uggg REAL(GAMMA), AIMAG (GAMMA))

,‘ CALL UPRINT 2-0 Eo ,=1 6 2
SO

¥ CALL USET é"ITALLIC ") 4
4‘ CALL UPSET é“HORIZONTAL"6 8.03) |

i bl ol md

"VERTICAL" |
CALL UPRINT o.u, -0.85, IF0 i
- ) —0.92) Ixnc;
: CALL UPRINT (0. 4, -0.99, IDIM

14 CALL UREAD (0., 0., KODE, 1., FLAG) ]
I (KODE .EQ. "#8")'G0 1010 |

RMAX = 0. i
xaasnm = 0, a

1
? MPLX (G%J) B(J)) 4
Tansmx’ = ChMAx1 (ABS{AIMAG(Z)), XABSMX) .
13 RMAX = AMAX1(RMAX REAL(Z)) ;
ABSMAX = AMAX1 (RMAX, XABSMX) ‘
DEC = AL0810(ABSMAX)

EC_.L 1. 9 0,) ID%C = IDEC - 1
IDIGIT = Aaé X / DECADE + 1

: WINDOW = IDIGIT * ,DECADE

3 CALL UWINDO (0., 2.SWINDOW, ~-WINDOW, WINDOW)

12
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130

15

TICK = DECADE
IF iIDIGIT .LT. 7§ TICK
IF (IDIGIT .LT. 3) TICK
CALL UPSET S"TICX" TICK

nTICY", TICK

CALL UDAREA (0.4 9.
CALL UPSET 2"YLAﬁEL“ "X

CALL UPSET “XLABEL"ﬁ"R i
CALL USET g"GRIDAXIS )

0.5 * DECADE
0.2 * DECADE

SJ'—’ R Tl T

g 5.)

CALL USET ("XBOTH"
CALL USET ("YBOTH"
CALL USET ("POINT"
CALL USET("OHN AL E")
CALL U (0., 2.%WINDOW, -WINDOW, WINDOW)
CALL USET("LI NE")
CALL USET ("NX")
CALL USET {"SOFT"™)
CALL UPSET s"HORIZONTAL“ 0.02 * WINDOW)
CALL UPSET "VERTICAL", §.02 # WINDOW)
DO 130 J REQ
2 =1 cupLi (G(J), B(J))
CALL UPEN EREAL(Z}, AIMAG(Z))
CALL USET ("HARD"
CALL UDAREA go , 5., o.‘ 5. )

-0.47,-1.0, Iﬁ
ERASE
ALL USET ("LINE")
0 14

UERASE
CALL UDAREA (0.4, 5.4, 0.4, 5.4)

CALL USET ("GRIDAXES")

CALL USET ("XBOTH"

CALL USET ("YBOTH"

CALL UPSET("XLABEL" "FREQUENCY - FO;"

gﬁtk ggng((“ngBEL ,"MAGNITUDE OF éAMMA L))
CALL UAXIS (FR%Q(1), FREQ(NFREQ), 0.00, 1.00)

USET ("SOF
CALL UPSET&"HORIZONTAL" 02?2 * (FREQ(NFREQ) - FREQ(1)))

CALL UPSET(VEKTICAL",0.0
CALL _USET(™N )
DO 156 J
2. iy (GlJ B(J))
AMMA = (1-Y)/({1+Y)
156 CALL UPEN (FREQ(J), CABS(GAMMA))
CALL USET (nSOFT™
CALL USET ("JTALLICS")
CALL UDAREA o., 7. 39, 0., 5.71)
CALL UWINDO

CALL UPSET g"noﬁx oﬁTAL* 0.015)
"VERTICAL", 0,03)

7
0.7 z, FO)

CALL UPRINT (0.7, 0.4 11uc;
CALL UPRINT (0.7, 0.41 IDIM

LL UPAUSE
CALL UERASE
GO TO 14
RETURN
END
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[EDURE /S LA

CHAPTER 3: EXAMPLES

This chapter contains examples of the use of this program to analyze a microstrip antenna.
The specific case chosen was that of a nearly square microstrip antenna. This was chosen to
ilfustrate that by making one side of the antenna a small amount larger than the other, and by
properly feeding and loading the the antenna with a variable capacitor (such as a varactor), the
antenna can be switched from left hand circular polarization to right hand circular polarization.
This is consistent with both theory and experiments carried out at the University of Illinois and
presented in references [4) and [6]. The output listed below is a copy of the actual graphical
data displayed on a graphics terminal by the program. Explanatory remarks have been added to
aid the reader.
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MISSION
of
Rome Avr Development Center

RADC plans and executes nesearch, development, test and
delected acquisition programs in suppont 04 Command, Contrnof
Communications and Intelligence (C37) activities. Technical
and engdineering suppont within aneas of technical competence
A5 provided to ESD Program Offices (POs) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guidance and contrnol, sun-

veillance of ground and aerospace obfiects, Antelligence data
collection and handling, infonmation” system Zechnology,
Aonosphernic propagation, solid state sclences, microwave
physics and electrnonic neliability, maintainability and
compatibility.




